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The reproductive biology of the brown treesnake (Boiga 
irregularis), an invasive tropical species known primarily for the 
extensive ecological damage it has caused on the island of Guam 
(Savidge 1987), ih poorly understood. This is not for lack of sam- 
pling effort by researchers-it is simply because reproduction ap- 
parently occurs in all months of the year (Rodda et al. 1999) and 
periodic sampling in such systems cannot detect the phenology of 
major reproductive events (e.g., ovarian recrudescence, ovulation, 
oviposition) and other important life history attributes (e.g., fre- 
quency of reproduction). In such systems, repeated observations 
of individuals may be the only recourse for obtaining such infor- 
mation. Accordingly, we recently established a captive colony of 
brown treesnakes at our facilities and were able to successfully 
induce reproduction in a number of females (Mathies and Miller 
2003). Here, in our second effort to induce reproduction in this 
colony, we report on the phenology of ovarian recrudescence, the 
conditions that initiate this process, and the possibility that copu- 
lation may be necessary to induce ovulation. 
Details on origin, husbandry, and procedures for mating of the 
snakes in this study are the same, or similar, to those given in 
Mathies and Miller (2003). Snakes in our colony (10 males, 15 
females) were collected as adults on Guam and are the same indi- 
viduals used in a previous breeding study (Mathies and Miller 
2003). Because of space limitations. snakes were housed in two 
adjacent rooms. Temperatures in the rooms were thermostatically 
controlled and no other heat sources were available to snakes. 
Differences in air temperatures between the two rooms were un- 
intended and due to equipment malfunction (Fig. 1). Overall mean 
temperatures during the study period. however. were similar (Room 
A: 22.X°C; Room B: 22.9"C). Relative humidity in both rooms 
was maintained at about 80%. Room lighting was provided by 
fluorescent bulbs and the photoperiod was 12L: 12D. The time of 
year this study was conducted was chosen out of convenience. 
Dates provided herein should not necessarily be taken to imply 
that the brown treesnake is more likely to become reproductive at 
this time of year than any other. 
Mating trials were conducted by placing a female in the cage of 
a male and then observing the pair for at least 30 minutes for court- 
ship behaviors. Trials were conducted in near darkness and pairs 
were observed using Sony CCD-TRV58 video cameras equipped 
with infrared light emitters (Sony Electronics Inc., New Jersey, 
USA.). Trials were conducted at approximately 14-day intervals 
beginning on 7 November 2001 and ending on 3 March 2002. 
Each female was placed with a male once during each group of 
trials and with a different male each time. In the majority of trials, 
males showed little or no interest in females. Males performed 
dorsal advances followed by tail searching behavior in only four 
trials with no one male or female participating more than once. 
These four trials were distributed fairly evenly throughout the pe- 
riod of mating trials. There were no successful intromissions. We 
assume the males were in adequate reproductive condition because 
these same males were highly attracted to females when kept un- 
der similar environmental conditions to those used here (Mathies 
and Miller 2003). 
Females were palpated for the presence of enlarged ovarian fol- 
licles on one to two occasions within 30-day intervals beginning 
on 8 January 2002 and ending on 3 July 2002. The method for 
palpating females was quick and relatively unobtrusive; it simply 
involved lifting an individual from its cage and then feeling for 
follicles as it crawled back into its cage. We were first able to 
detect  enlarged fol- 
licles in a few females 
approximately three 
months after the end of 27 
the cool period (Fig. 1). 
Within two weeks of 
that examination, all 
eight females in Room 
A had enlarged fol- 
licles and six of the 
seven females in Room 
B had enlarged fol- 
licles. At this time all 
such females contained 
folliclesjudged tobe at 
least 30 mm in length, 
which is about the sire 
of brown treesnake 
eggs (Mathies and 
Miller 2003: Rodda et 
al 1999). Thuh, fol- 
licles were presumably 
at, or close to, ovula- 
tory size. The number 
of follicles per female 
was not related to fe- 
male body mass (Lin- 
ear regression: R' = 
0.08, P = 0.35), which 
was somewhat unex- 
pected, but we did not 
measure snout-vent 
length, which is gener- 
ally a better predictor of reproductive investment. There was no 
difference between rooms in the number of follicles per female 
(Mann-Whitney U-test: P = 0.85. U = 22.50). The modal (and 
maximum) number of follicles per female was nine. The frequency 
of females with respect to their follicle count is shown in Fig. 2. 
The numbers of follicles per female we observed are in line with 
clutch sizes reported for females from the Guam population 
(Mathies and Miller 2003; Rodda et a1 1999) suggesting that these 
numbers are translatable to clutch s i ~ e s .  The first examination 
where we noted females with either no palpable follicles, or flac- 
cid-feeling follicles, occurred approximately two months from the 
date follicles were first detected. At about 12 weeks past thc date 
follicles were first detected, no females had palpable follicles. That 
is, all follicles had apparently become atretic and had been, or 
were being, resorbed. The timing and durations of the events re- 
ported above would have been temperature dependent, thus, we 
do not know how representative they are of those on Guam. 
The cue that initiates ovarian recrudescence in the brown 
treesnake has not been specifically identified. In the present, as 
well as a previous study (Mathies and Miller 20031, follicles he- 
came enlarged following a period of cool temperatures. However, 
in both studies, females were placed together with males follow- 
ing the cool periods and thus we cannot rule out the possibility 
that contact with a male was the cue. Studies on female red-sided 
garter snakes revealed that in some years, at least, copulation ini- 
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FIG. I .  Development of enlarged ovarian follicles by female brown treesnakes (Bni,qo irrejirrltiris) with respect to air 
temperature and date. The number of females (N)  i n  each room is given. Pelpating for the presence of enlarged follicles 
began 8 January 2001. Fourteen of the 15 females developed enlarged follicles. Arrows hounding the period when 
follicles were detected indicate the nearest examination dates (same for both rooms) where no enlarged follicles were 
found. Air temperatures are presented as daily means k I SE. Periods of missing data wjere duc t r r  malfunction of data 
loggers. 
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FIG. 2. Frequency distribution of the number of brown trcesnake fe- 
males (Boijiii irrqjiit10,-is) with respect to nurnhcr orenlarged ovarian fol- 
licles. 
tiates a neuroendocrine reflex that is necessary for the initiation 
and maintenance of vitellogenesis. hut this mechanism has not yet 
been documented in any other vertebrate species (Mendon~a nd 
Crews 1990). In the present study, it seems unlikely that the brief 
presence of mostly-uninterested ~nales would induce ovarian re- 
crudehcence. In the masority of reptiles and other vertebrates, both 
temperate and tropical, the primary cues for ovarian recrudescence 
are environmental. 
Why did none of our females ovulate? It is possible that palpat- 
ing for follicles caused stress that resulted in resorption of fol- 
licles. Chronic exposure to stressors disrupted ovarian recrudes- 
ccnce in thc l i~ard .  Mnh~!j?n cnrir~aru (Ganesh and Yajurvedi 2002) 
and brown treesnakes exhibit a substantial increase in plasma lev- 
els of the stress hormone. corticosterone, i n  response to acute stress 
(Mathics ct 81. 2001). However, stress wah an unlikely cause i n  
the present study because females were long-term captives that 
appeared to be used to routine handling and cage maintenance and 
have previously produced viable eggs at our facilities (Mathies 
and Miller 2003). Thus, the strcss that females experienced, if any. 
was presumably not appreciable or chronic. Second, if palpation 
was stressI'uI, then it would have to have had a differential effect 
on follicular growth versus ovulation because it had no apparent 
effect on the former. 
We suggest that follicles were not ovulated because the appro- 
priate cue was lacking. The most likely cue would be the stimuli 
attendant with the physical act of mating. Induced ovulators, where 
coitus i h  thought to produce a reflex discharge of gonadotropin- 
releasing hormone and hence luteinizing hormone, occurs in a 
variety of verteh~ltcs. Such a mechanism has not been reported in 
reptiles, but its presenceiabsence has not heen well investigated. 
One reason mating did not occur in this study is that females may 
not have heen in the appropriate stage of the reproductive process 
and thus may not have been attractive to males when we attempted 
to mate them. Observ;~tionh from this and our other breeding stud- 
ies collectively suggest that female brown treesnakes are at the 
height of sexually receptivity when they contain large, pre-ovula- 
tory follicles. Recall that in the present study, mating trials were 
discontinued about 50 days before the first follicles were detected. 
Thus, females had not yet developed mature follicles when we 
attempted to mate them. In the first breeding attempt at our facili- 
ties, the three females that did produce eggs did so at about 3 5 4 0  
days following a period when repeated successful intromissions 
for each female were observed (Mathies and Miller 2003). and in 
a third and most recent breeding attempt, we observed that ovula- 
tion (N = 6 females) occurred approximately 30 days prior to egg 
laying (Mathies and Miller. unpubl. data). Thus, the three females 
i n  the first study that laid eggs likely contained mature pre-ovula- 
tory follicles when they copulated with males. Fulther support for 
the contention that male contact is necessary for ovulation comes 
from studies on captive reproduction of insular species of Epicrates. 
Tolson et al. (1985) demonstrated that female Epicrates ungulifer 
initiate ovarian recrudescence in response to a period of cool tem- 
peratures but do not ovulate (i.e., follicles are resorbed) unless 
they experience extensive male courtship. This same phenomena 
have apparently also been observed in other species of Epicrates 
(Tolson 1994). 
Induced ovulation might be expected in a system where males 
are common and continuously reproductive and where females do 
not store sperm. The Guam population of brown treesnakes meets 
at least two, and possibly all, of these criteria. Snakes occur at 
unusually high densities (Rodda et al. 1992) and no degree of sea- 
sonality of reproduction has been detected (Rodda et al. 1999). 
Although oviducts of Guam females have not been examined for 
sperm storage areas. a study on female brown treesnakes from 
southeastern Queensland detected no such structures (Bull et 81. 
1997). However, sperm storage has been inferred (but not demon- 
strated) in Boiyu rlendrophilu (Groves 1973) and Boiga 
multon~rrculnfu (Kopstein 1938). 
Induced ovulation i n  brown treesnake females would be adap- 
tive in that vitellogenic individuals that go unmated would pre- 
sumably be able to recoup much of their reproductive investment 
through follicular resorption. In our colony, females that have re- 
sorbed their follicles maintain body masses and abdominal fat body 
sizes similar to those when reproductive whereas females that have 
recently laid eggs have relatively low body masses and small ab- 
dominal [at bodies (Mathies and Miller, unpubl. data). 
The hypothesis that female brown treesnakes are induced 
ovulators can be easily tested; one would only need to induce 
folliculogenesis in females and mate one group but not the other. 
Our findings suggest that the appropriate time to mate females 
(i.e.. when females are most attractive to males) is when females 
have large, preovulatory follicles. 
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